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Abstract - T he violente ruptio n Of Philippin e v olc ano
pinattlboizlmi d Jt皿 e Of1991 c allS ed a ser10 u Sperturbatio n
o nthe stratospheric aeros ol for alo ng perlOd. tn thepaper.
w ereport L 6 25 1idar obs erv atio nalresultsin theperiodof
1991･1996. includlnge v olutio nOfvolcaEIOPin atubo clotld.
Thetim e Van atio n andv erticaldistributio n ofthe volca nic
clo udheight,thickn ess. peakscaLlteringratio. aJld integr ated
backscatterlngCO efrICie nts wi llbe a n alyz ed. L62 5 1idar
m easure mpntdata ofstratospheric aer os olr evealthe
cha m cteristlC S Of back■gro u ndperiod beforethe volcanic
e ruption,the evold on oftIle Pin attlbo volc a nic cloud. a nd
presentne wbackgro und level.
m T R O DtIC TIO N
VarlatlOn Ofstratospheric aeros olaffects atln OSpheric
minor constltu entS andclilllatetlrO ughchangesilltlle
radiatlO n丘eldas w ellasbydyn amic andcllemicalpr ocesses.
In orderto estim ate theimpa ctqu antitatively,itis v ery
importantto obs占rve str atosplleric aeros olvertic al
distrlbtltlO nS andtheirtim eva rlatio ns. Lidaris ave ry
po w erfulrezT10te Se nSlngteClln lqu efor m o nltO n ngtlle
stratospllerlC aerOSOIs with allighve rtlCalandte mporal
resoltltio n. ThlSPaper wi llanalyz etile V ariatlO nS Oftlle
stratospheric aerosolprofiles mea sured by aL625 1idar o y er
He血(3119oN, 117.1 7oE). C hin a. dtlring199 1-1 9L)6.
L625LII) A R A N D M E A S U R E M E N TS
L6251idarsyste m co n sist ofado ublefreque n cy YAG
laser(w av el ngth 53 2n m), emitting1 0 0mJperpulse ata
repetitio n r ateof5Hz. a r e c eivlngtelescope ofdia m eter
6 25m m
･ a ndaphoto nc ou ntlngu nit･ A m ecllanicalchopper
call C utthe stro ng-inte nsitysignal before.itis a mplifLed by
血eP MT(E M 19 817B). T he heiglltres olutio nis600m ,
n o rm auy･ T he wholesystem . which is c o ntrolled bya PC
cO mptlterl isseto nthetop丑oor ofabuildlng with ado m e
ceiling atthesuburb of Hefeici甘.
ln orderforo n eP M T to co v erthe whole sigllalra nge
ofabotlthree orders of m agnitudefr o nt6km to3 5klr m r
higher,the m e as 町 em ntis divided intotw o steps･ Intile
Brststepl an a v eragedpro五Ie. for abo ut lo o nlas er sl10tS. Of
retu m sign al is obtain edatrelativ elylo w altitude(abot(I6-
25km). whenthe cllOpPerOpens aLt6km a nda n eutral
atte ntlatOrwitl11ra nS mitta nc e of 5 % is nserted in 鉦o ntof
theP M T･ T hus, thephoto n a m v alrateis s m allen otlghto
elimin atethepulse-pむ r er r o r. Atthe se co ndstq), the
chopperi昏 adjustedto ctlOq the r etur n slgn als 丘o mthe
altiudesbelo wlOkm . a ndthe atte nlJatOristakeh aw野 . S O
that theretu rn slgnalcanbe r ecorded 丘o mhigher attiudes
(1O-3 5km). the whole m e astlr e m e nt takesabollt 3 0minutes.
A
､
gra ndc o mposite
'
profile spa n m ngthe altitude region of
inter estbetw e en6km and 35klnCa nbefわr m ed by m atching
the abo vetw opr o丘Ies.
T helidatb且Ck･s c atteringr atio, A(z). isde丘nedas
R(z)≡【Ba(z)＋73. v(z)】/ Btn(z)= ､1＋ 73a(z)/ B¢(z) (1)
whereBa(z), ら. n(z)are aeros ola ndln Olectllarback
c atferiJlgfuJICtions, r e spe ctiv ely. T heB, .(z)c anbe
calcllated 丑･o m r adiosoundedata orElterTn a n m odel. The
backscatteringratio A(z)is calc ulated by evaltla:tlng
･ R(z)= kN s(z)Z
2
/ B皿(Z)/Q
2
(z) (2)
wllereNs(z)isphoto n n n mberofrett1rnSign al. Q
2
(z)is the
tw o- w ay atm ospherictra n smitta n ce, a ndkis a syste m
co n stantdeter mined bytlOrndl 血 gthe right-handside.
of
Eq.(2)to an expe cted minlrn u 皿 V alu e(RrE,血 =1.01)of Rov er
a speci丘edalti山de raJlge(28-32km). ln calctllatio n ofthe
tra nsmittan ceQ
コ
(z), m olec ular extinctio nisfro m
r adioso nde oll n Odel, a nd aeros lex也nctiollis c alculated
directlyfro mthe aer os ol backsc atteringfuFICbo nby usLng
e xtin ction -backscalteringratio valtle S[l]of22. 40, 43
duringdleperiodofPin atllbo v olc an lC Clolld(Ju ne of1991-
JuJl e Of1 9 9 4). a nd3 4. 52. 58 duringtheperiod with no rm al
situ atlOl1, O V ertllelleightranges of1 5-20､ 20-25, a nd2 5-3 0
km . respe ctively. TheEq.(2)is s olv ed by u sing updated
vallle OfaerosolexthctioJlforiteratlOIIS, Moretha n400
pro血es(nights) were obtain ed dl山 ng1 9 91-1996.
V A R IA TI O N O F S T R A T O S P ⅡE RI C
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The violent e ruptio n of PhillpPin e v olca n o･Pin atuboin
mi d June of199 1caIISed a serio u sperhlrba.Lio n o ndie
str atospheric a erosolsfor alo ng period. L62 5 1idar w as used
atHefei for me asureln e ntOfstratospheric a er osolprofilesin
theper10dof191-19 96. in cltユdingev olutlO n Ofv olc ano
Pin atubo cloud.
Fig･ 1sho w s so m etypic alpro五Ies ofstratospheric
aer os ols. The six ye ars丑
･
o m191to 1 96 m aybedivided
into threeperiods:(i)theba ckgro u ldperiod fr o mJa n u ary
to mi d Jun e. 199 1beforethe e ruptio n,(ii)tlle V OIcallic
clollde v ohtio nperiod frornJu n e of1991to mid
-1 9 9 4
,
azld
(班)thepr es ent e wba ckgrou ndperiodsin cemi d-1 99 4･ A
pro五Ietaken o nMa:y15, 1991repres ents the ba ckgr ouJld
pn orto thePin atubo e ruptl On, Wl10SePeaksc atte n ngr atio,
Rn a x,isl･21 o nly at 18･3km altitude･ The 血stin crea se of
the aeros olsfro mPin atllbo e ruptlO n W as Observed at15･9
k皿 with R w of4.5 4atHefeio nJu n e2 7､ 19 9 l.just12 days
later a丑er也e e ruptio n. OnJuly l'). abollta ln O ntll aftertile
e rupt18 n. a Stro ngS Catte n nglaぎer W as Obs erveda∫o u nd2 1
km . These reslllts aJ e Si mi larwithtlledata observ ed by M Rl
lidarsyste mt2]atTs 血 ba,Japa n. On AtlgtlSt8, the v alue
of R..p x.in creas edllptO37.6 2at 2 2.5km . Fro mAllguSt1991.
･the upperlaLyergre wdayby day ov er HefeiandlTlerBedinto
abroad layertogetherwi th thelo w erlayer. Until the e nd of
Augt}stof199i adotlble-layeredstru ctur e c o uld be observed.
a ndsin c e e arlySepte mber s am ey aritw as replac ed bya
slnglelayerwi thape ak n ear2 2km . Apro丘1etaken o n
October3, 1996represe nts the n atureill lle WbaLCkgroll nd
period. whos e v ahle Of Rw Kis1,27 at 17.6km .
Fig. 2 sho w sthe ev ohtion of 血e maxim u m sc atterlng
ra也o ov erE efei. The v ahesof Rm B Xinitallysho w edlarge
fltlCttlatio n
.
r enectinginI10111(唱e neityoftile Clo ud
dlStrib11t10 n. It w as c oI血 rm ed byS A G EII m e asur e m ents(3]
丘oa JunetO AllgqStOf199 1that the m ajorpart of the clotld
w as co nh edto 加I equ atOri al badld20
oSto3OoN
.
Hefleiis
ju stlo cated o nthe n orth bo u mdaJy Oftheballd, T helarge
fhctllation
_
w asprobably relatedtotilefor w ard alld
backw ard m ov e m entofthe clo ud aro und the equ ator. A 免er
言
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Fig.1 Ba ck s catte mg ratJOProfiles
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DayNu nbe r $ l n C OJa m.1 .
Fig.2 M axlm urnba cks c atte n ngr atio
August1991, the clo ud w astran sportedto w ardsthe north
thentlCtu atio nbec a m e s mal ler a ndthepeaksc attedngratio
ge nerally viul ed betw ee n10 and2 0, Itw as abo ut10 inthe
e arly1 9 2. the ndecreas edto about 5 ill S u m m e r Of 192,
T he altitude ofthe peak sc atten ngraho. that is, the clolld
heighL o v ertlefeiw a s m ostly about 2 2km . Positive
c orrelatio nbetw ee npe ak scatteringratio a nd the clolld
height w as obs erv ed. i.e. . alargerpe aks catten ngr atlO W as
lo cated atlugheraltltude, ge nerally.A
nleintegr ated ba cks catterillgC OefEic e nt(IB C)represents
tiletotal lo ading ofaeros ols. IB C is c alc ulated 丘orn16 klrl
to 2 7km . T he B Cv alu es are appro xl m ately2･0 × 10
JI
s{
)
a nd3.0× 10
･4
s r
-1
forpre-ba ckgr ou ndperioda ndprese nt
backgTO u nd pedod. r e spectiv ely. Dllringthe effectiveperiod
of Pin atubo v olca n o
,
tile m axim u m valtle OfIB C is9.24 ×
10‾3sr
'1
o nNov e mber2 5. 199 l. The m 弧im um valu e of
m o ntldy av erage ofIB C is5.l o x l o
la
s r
-I
fo rDec e mber of
19 91. T he e-foldingdecaytim e ofIB C is estl m atedtobe
ap proxim ately 15m o nths. T heIBC dat且 are ave r agedfor
everyllal fa ye ar, Fig, 3 sho w ed the v ariatio n of h alf-
a n n u al v eraged IBCfro m19 91to 1996. T he m a xim u m
v alu e e m ergedal the se co nd lalfof 19
() l. a nditdecreased
lT10 n OtO n O uSly astim egoes o n, whicll re v e alsthe ev ohltion
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Fig.3 Six- m o nthav erage of lBC
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Fig.4 Va riatio n of Pin atubo vo(c a n[c clo ud
of Pinattlbo volca nic cloud･ Fig･4Sho w edthe av eraged
heights of Pin atubo v olcanic clo udtopa nd botto m. whos e
sc attering.
rat10 V alu es ared 血Iedto be l10retlla n2 ,0. 1t
canbededu cedthat thelife of Pin attlbo v olcallic clo udis
缶o mJtn e of 1991to the mi ddle of 1 9() 4o verHefei.The
cloudinitially ､∇asthlrLlayen ng and so m etitt一e S Showeda
do uble-pe akstn lCtllreduringaLutuLnr1 0f19 9l. Itbeca m e
thicheraLldthicker witllin cre aslnBtL me untilallttuT m Of
1 9 92･ The thick kept tobe8-9 km fr o mwinterof 19 91 to
a血 1m n Of1 9 92･ The m ontldy av erage ofclotldthick for
AprlofI.992 w as upto 918km ･ Tlepeaksc atteringratio
be calrLelesstl一al12 .0 a丑ertlle e nd of199 3.
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